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1 Introduction

One item in the feasibility study of LTE small cell enhancement [1] is mechanisms for efficient discovery of small cells and their configuration.    Three alternatives of signal design for small cell discovery were proposed in the way forward [6] in RAN1#72bis as follows,      
· Option 1: PSS/SSS/CRS based approach

· Option 2: Modification of legacy SS/RS based approach

· Option 3: New discovery signal based approach
After online discussion in RAN1#72bis, it was concluded that 
· The evaluation of small cell discovery begins by evaluating performance of legacy mechanism (i.e. PSS/SSS/CRS)

· If inadequacies are identified with the legacy mechanism, the following approaches will be evaluated in order,
· First, approaches based on modified SS/RS

· Second, approaches based on new discovery signal

The evaluation methodology and performance metrics for small cell discovery were also discussed online and offline during RAN1#72bis.   Alternatives in scenarios and evaluation methodologies were discussed to be concluded in RAN1#73.   Lists of performance metrics were also agreed for the evaluation of discovery signal design in small cell discovery.   This paper discusses general system design consideration of small cell discovery and remaining issues of evaluation methodology and performance metrics.   
2 System Design Consideration of Small Cell Discovery
The design principle of cell discovery signal is the unique identity with processing gain for fast acquisition at low SINR.   For the Rel-8 PSS/SSS, the length 63 Zadoff-Chu sequence for PSS was selected mainly because of the benign autocorrelation property of Zadoff-Chu sequences to allow UEs to detect the coarse timing of DL transmission at low SINR.   The three selected Zadoff-Chu root sequences also have a good cross-correlation property.   Maximum length (ML) sequence was selected for SSS due to its property of low cross-correlation among ML sequences and flat frequency spectrum.   UEs could detect the desired SSS sequence clearly and derive the cell ID.   The two-stage detection of PSS and SSS for cell discovery reduces the number of hypotheses in the detection of large numbers of cell IDs, where 504 cell IDs can be derived from 3 hypotheses of PSS and 168 hypotheses of SSS.  

Using both PSS and SSS transmission timing, the UEs can determine the symbol length, from which they can derive whether the normal cyclic prefix length or extended cyclic prefix length is used for DL transmission.    Once the cell ID is detected, the UE can fine tune the received timing using the CRS, whose RE locations are also based on cell ID.   UEs will also perform measurements, such as RSRP or RSRQ, for cell selection/re-selection or handover.   
For small cell discovery, the PSS/SSS/CRS mechanism should be sufficient.  One concern of small cell discovery is whether the number of cell IDs in sufficient for dense small cell deployments, where cell IDs are not well planned, the probability of a UE detecting two cells with same cell ID (cell ID collision) is very small, as shown in Figure 1.   The other issue of small cell discovery is the possibility of small cell detection in the dormant state.   If a small cell is in dormant state, it could still wake up for a short period of time and transmit PSS/SSS/CRS for UEs to discover and go back to dormant state if no UE access requests.   This dormant state and active state for interference mitigation and energy saving is similar to DRX cycle for UE’s energy saving.  

Proposal 1: PSS/SSS/CRS are sufficient for small cell discovery in non-homogeneous dense small cell deployment.    
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Figure 1: Small Cell Discovery in Dense and Sparse Small Cell deployment Scenarios
3 Evaluation Methodology and Metrics for Small Cell Discovery

Evaluation methodology and performance metrics for small cell discovery were proposed in the way forward [6] in RAN1#72bis.   Two alternative evaluation methodologies were considered and will be finalized in RAN1#73.    There are several details in evaluation methodology and performance metrics for small cell discovery for further study.       

3.1 Discussions of Evaluation Methodology for Small Cell Discovery

Evaluation methodology for small cell discovery were discussed in RAN1#72bis and agreed as follows

· Evaluation methodology:

· Up to companies to decide between e.g.:

· Alt.1: 

· Step-0:system level simulation to model the interference profile for link level simulation

· Step-1: link level simulation to derive the performance curve (i.e., SINR – detection probability) based on the interference profile derived by the Step-0 simulation

· [FFS] Step-2: system level simulation based on LLS to SLS mapping

· Alt.2: System level evaluation including link-level signal generation and detection

· Scenario:

· Scenario 2a with dense deployment of small cells
· Baseline: 1 cluster per cell, 10 cells per cluster; other values can also be evaluated. 
· Synchronisation cases (in order of decreasing priority):

· 1: Synchronized transmission of discovery signal both within and between clusters in the same or different macro cells

· 2: Synchronized transmission of discovery signal within clusters; unsynchronized between clusters

· 3: Unsynchronized

· FFS: Level of synchronization (including timing offset between cells)
Two alternatives of small cell evaluation were proposed for each company to decide the method to use.  For Alternative 1, the linkage between link-level simulation and system-level simulation in step 2 was FFS.  If link-level results of detection probability vs SINR is available and compiled as a lookup table for the system-level simulation, the system level could determine if the cell is detected based on the probability of detection derived from lookup table based on the received SINR.  
Proposal 2: A lookup table of detection probability vs received SINR is used to link between link-level and system level simulations for small cell discovery.
The 2nd open issue is the level of synchronization for small cell synchronization.   As discussed in [7],  network synchronization methods, such as IEEE 1588, GPS/GNSS, or SDH, are feasible for small cell synchronization in both indoor and outdoor small cell deployment scenarios.   Network synchronization woud also meet the TD-LTE eNB synchronization requirements of +/- 2.5 μs.   Thus, the level of synchronization should be +/- 2.5 μs.  

Proposal 3: The level of synchronization for small cell discovery should be +/- 2.5 (s in the evaluation methodology.  
3.2 Metrics for Small Cell Discovery Evaluation

The performance metrics were discussed and agreed as follows, 
· Metrics for evaluation: 

· UE battery consumption for discovery

· Number of supportable individually identifiable small cells

· Baseline is current number of supported PCIDs

· Identify whether the current number is sufficient

· Number of detectable cells in the chosen scenarios 

· Target FFS for each scenario (or for a given SINR)

· Target false alarm probability FFS
· Detectability as defined in 36.133 for initial evaluation

· Probability of detecting a cell as a function of distance

· Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)

· Ability to estimate the signal strength of a small cell

· Overhead

· Impact on legacy UEs

The first issue is the target number of detectable cells for a given SINR for each scenario.   In LTE, UEs are required to detect up to 8 detectable cells.  Thus, the number of detectable cells for the evaluation of small cell discovery should be 8 for any scenario.  
Proposal 4: The number of detectable cells for the evaluation of small cell discovery should be 8 for any scenario.
The other issue is the the target false alarm probability of small cell discovery.  False alarm of small cell discovery is the UE declaring detection of a specific small cell but actually a different cell is detected.   The false alarm probability for the detection of cell discovery signals is usually set at 1%.

Proposal 5: The false alarm probability of small cell discovery should be set at 1%.   
4 Conclusions

In this paper, we discuss small cell discovery and the remaining issues of evaluation methodology and performance metrics.   We propose
Proposal 1: PSS/SSS/CRS are sufficient for small cell discovery in non-homogeneous dense small cell deployment

Proposal 2: A lookup table of detection probability vs received SINR is used to link between link-level and system level simulations for small cell discovery

Proposal 3: The level of synchronization for small cell discovery should be +/- 2.5 (s in the evaluation methodology.  

Proposal 4: The number of detectable cells for the evaluation of small cell discovery should be 8 for any scenario.

Proposal 5: The false alarm probability of small cell discovery should be set at 1%.   
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